With the use of the technics of angiocardiography and cardiac catheterization the relation of specific hemodynamnic abnormalities to alterations in cardiovascular anatomy in mitral valvular disease was investigated in 56 patients.
IT IS well known that the left atrium and pulmonary artery are characteristically enlarged in mitral stenosis.1 2 However, the quantitative relationship of these anatomic abnormalities to the concomitant disturbances in cardiovascular hemodynamics has not been defined. The few anatomic-physiologic studies that are available are semiquantitative, since they are based on rough estimates of left atrial and pulmonary arterial size derived from fluoroscopy and conventional roentgenograms of the heart.3-5 Since angiocardiography delineates the cardiovascular structures and permits precise measurements, a quantitative method for comparison with the data obtained by cardiac catheterization in patients with mitral stenosis is available. Correlation of the findings derived from the 2 technics forms the basis of this report, an abstract of which has been published previously. 6 MATERIALS AND METHODS Fifty-six patients with rheumatic mitral valvular disease who were 4 ) and the left atrial size and mean resting pulmonary arterial pressure (r = 0.36; p <0.01). The degree of these correlations as measured by the correlation coefficient, was similar among the individual groups, though statistical significance was assumed only when the groups were combined. The size of the atrium was not related to the pulmonary "capillary" pressure at rest (r = 0.24; p <0.1> 0.05) or during exercise; to the pulmonary vascular resistance (r = -0.07; p< 0.1) or to the cross-sectional area of the pulmonary artery (r = -0.13; p > Q.1) ( fig. 5) .
In group IV a high paradoxical inverse correlation (r = -0.90; p <0.05> 0.02) was present between atrial and pulmonary arterial size. The angiocardiograms in these patients ( fig. 8) It is significant that the majority of our subjects had relatively advanced mitral (lisease and were under consideration for valvuloplasty. Had the entire spectrum of severity of this disease been represented more adequately, especially by mild and asymptomatic mitral stenosis it may have l)eell pos-,ible to identify more Hcearly-the effects of pressure and orifice size on ati'ial dimensions.
When the response of a vascuclar struicture to alterations in pressure is considered, the l)hysical properties of the structure, notably distensibility (complian ee) and elasticity, must be taken into account. In mitral stenosis these properties not only vary normally amiong individuals but are subject to considerable modification by such pathologic processes as mural thrombosis, rheumatic involvement of the left atrial endocardium and myocardium, mural calcification, and thickening and adhesion of the overlying pericardium. Variation in physical properties of the left atrium from patient to patient will tend to obscure a correlation between chamber size and pressure.
Larger atria in patients with atrial fibrillation as compared to those with normal simis rhythm regardless of orifice size suggests that this rhythm also alters left atrial distensibility and elasticity. It high levels. All these factors are expected to contribute to dilatation of the atrium; the present evidence, however, indicates that their effect is more manifest in atrial fibrillation than sinus rhythm. This may be due not only to the flaccidity of the atrium in atrial fibrillation but also to the more sustained nature of the insufficiency wave in the atrium with this rhythm. The effect of insufficiency on left atrial size may be assessed more completely when reliable methods for quantification of valvular regurgitation become available.
Controversy exists over the significance of a markedly enlarged or "giant" left atrium. It is regarded by some as the result of overwhelmingly predominant mitral insufficiency. Among the 7 of our patients with giant atria (area greater than 115 Cm.2-4 times greater than the normal mean) 2 had surgically pure mitral stenosis. The atrium of 1 of these was the second largest in the series and contained a volume of blood calculated to be approximately 1.7 L. A third patient had a small regurgitant jet at operation but also very tight stenosis. Only 4 patients had marked evidence of mitral insufficiency but in the 3 treated surgically significant stenosis, which could be relieved, was found. This evidence indicates that although it is more common when insufficiency coexists, a giant atrium connotes underlying mitral stenosis which may be of pure form. In a carefully selected series of 30 cases of pure mitral insufficiency, studied by Brigden and Leatham 12 the '. left auricle was moderately dilated but was never aneurysmal
." In the evaluation of an insufficient mitral valve for associated stenosis, it should be remembered that the subvalvular mitral apparatus may be the site of very significant obstruction (chordal stenosis of Rusted, Scheifley, and Edwards13), which may be overlooked if not sought.
In contrast to the left atrium, enlargement of the pulmonary artery is more directly related to the severity of the henmodynamic abnormalities, particularly the degree of pulmonary arterial hypertension, which in turn depends on the severity of the stenosis and the secondary alteration in the pulmonary vaseular bed.6 1'' However, considerable scatter in the correlation occurred and in some cases of severe stenosis with pulmonary arterial pressure up to 3 times normal the main pulmonary artery was of normal size. Some of the scatter can be attributed to intrinsic alterations in the arterial wall produced by factors such as rheumatic involvement and atherosclerosis. In addition to elevated pressure, increased blood flow in the artery may increase its size as it does in atrial septal defect and in hyperthyroidism. Pulmonic valvul ar insufficiency also may produce considerable increase in blood flow in the main pulmonary artery and occurs with moderate frequency in severe mitral stenosis. The largest pulmonary artery encountered in this series occurred in a patient with marked pulmonary arterial hypertension and advanced pulmnonic valvular insufficiency.
In a practical vein it is apparent fromn our data that the degree of stenosis and hemodyntamic abnormality in mitral stenosis can be estimated only roughly from roentgenograms of the heart. Larger atria and main pulmonary arteries in general indicate severe disease; however, modest enlargement of these structures cannot be regarded as excluding tight stenosis. In an assessment of the size of the left atrium roentgenographically the overpenetrated frontal view of the chest offers many advantages over the lateral and oblique views even when taken with barium in the esophagus. In this view with the proper degree of penetration it is usually possible to trace the outline of the atrium almost as reliably as in the angiocardiogram, whereas in the other views only the posterior border of the chamber as it impinges on the esophagus can be delineated with assurance. Knowing the full extent of the chamber in at least 1 plane it is possible to quantify the degree of enlargement by comparison with normal data. Planimetry of the area is the preferred method of measurement; however, determination of the vertical and horizontal axes of this elliptical chamber provides a satisfactory index of the enlargement. In the normal adult these axes do not exceed 5 cm. by 8 cm. Enlargement of the atrium in the frontal plane is invariably more prominent than in the sagittal plane. We have encountered instances in which enlargement was questionable in the lateral and oblique views but unequivocal in the frontal view.
Estimating the diameter of the main pulmonary artery from conventional roentgenograms of the heart is not so readily accomplished. As indicated previously, a large left atrium may displace the pulmonary artery to the left and cause it to project prominently along the left border of the heart and thus give a false appearance of enlargement, even though in some instances the diameter is normal. The expert can guess the diameter of the artery with reasonable accuracy, but a precise evaluation requires angiocardiography.
SUMMARY
The frontal area of the left atrium and the cross-sectional area of the main pulmonary artery were measured angiocardiographically in 56 patients with mitral stenosis and compared with hemodynamic data obtained by cardiac catheterization. Left atrial size was related inversely to the area of the mitral orifice and the cardiac output and directly to the pulmonary arterial pressure. These correlations although statistically significant wrere low grade.
Associated mitral insufficiency and atrial fibrillation appeared to increase the size of the left atrium, but a dilating effect of mitral insufficiency could not be detected in patients with sinus rhythm. Giant atria occurred only in patients with atrial fibrillation, frequently in association with mitral insufficiency, but occasionally in patients with surgically pure mitral stenosis or minimal insufficiency.
The cross-sectional area of the main pulmonary artery correlated closely with the pulmonary arterial pressure and to a lesser degree with the pulmonary vascular resistance and the size of the mitral orifice. Considerable scatter in the various anatoinic-physiologic correlations suggested the existence of wide interpatient variability in the intrinsic elastic properties of the atrium and artery. Study of the clinical course of 87 young patients with severe free aortic regurgitation due to rheumatic heart disease showed that at the end of 10 years 37 per cent were still able to lead quiet, nearly normal lives, and at the end of 20 years, 26 per cent still remained in this category. On the other hand, 38 per cent died within 10 years and 50 per cent within 20 years. The causes of death were recurrent rheumatic fever with congestive heart failure, angina pectoris, or subacute bacterial endocarditis. The appearance of congestive failure or angina pectoris, in particular, nocturnal angina at rest, was of ominous import with the duration of life after the onset of angina pectoris, in the majority of cases being 1 to 2 years. In these patients the anginal syndrome had certain characteristic features. The most severe attacks occurred at night and without provocation. The recumbent position appeared to be a predisposing factor. Sinus tachycardia, palpitation, generalized flushing of the skin, profuse sweating, and difficult respiration were essential features of the attack usually preceding the onset of pain. Because of intractable congestive heart failure and angina pectoris surgical relief with the plastic valve of Hufnagel was attempted in 14 patients. Favorable results were obtained in 40 per cent with extraordinary benefits in a few, so that this physiologic compromise is recommended for those patients in serious difficulty until a more promising procedure is available. SAGALL
